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Abstract
Improvements to current therapeutic strategies are needed 
for the treatment of skeletal defects. Bone tissue engineering 
offers potential advantages to these strategies. In this study, 
ectopic bone formation in a range of scaffolds was assessed. 
Vital autograft and devitalised allograft served as controls 
and the experimental groups comprised autologous bone 
marrow derived stem cell seeded allograft, biphasic calcium 
phosphate (BCP) and tricalcium phosphate (TCP), 
respectively. All implants were implanted in the back muscle 
of adult Dutch milk goats for 12 weeks. Micro-computed 
tomography (^CT) analysis and histomorphometry was 
performed to evaluate and quantify ectopic bone formation. 
In good agreement, both |j.CT and histomorphometric 
analysis demonstrated a significant increase in bone 
formation by cell-seeded calcium phosphate scaffolds as 
compared to the autograft, allograft and cell-seeded 
allograft implants. An extensive resorption of the autograft, 
allograft and cell-seeded allograft implants was observed 
by histology and confirmed by histomorphometry. Cell- 
seeded TCP implants also showed distinct signs of 
degradation with histomorphometry and |J.CT, while the 
degradation of the cell-seeded BCP implants was negligible. 
These results indicate that cell-seeded calcium phosphate 
scaffolds are superior to autograft, allograft or cell-seeded 
allograft in terms of bone formation at ectopic implantation 
sites. In addition, the usefulness of |J.CT for the efficient 
and non-destructive analysis of mineralised bone and 
calcium phosphate scaffold was demonstrated.
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Introduction
Natural bone grafts that are used in regenerative medicine 
to stimulate bone formation may either be derived from a 
donor (allograft) or harvested from the patient (autograft). 
These bone grafts provide support, fill voids and enhance 
biological repair of skeletal defects. Autograft is currently 
the gold standard due to its superior osteogenic, 
osteoinductive and osteoconductive properties (Parikh,
2002). Its limitations however, include an additional 
surgical procedure for harvesting, which may lead to 
donor site morbidity. The risk of this increases with the 
amount of bone harvested, so that limited quantities are 
available. Moreover, bleeding, haematoma, infection, and 
chronic pain are common complications of bone graft 
harvest (Banwart et al., 1995). Allograft has other 
limitations such as the possibility of disease transmission 
from donor to recipient and immunogenic reactions 
(Friedlaender, 1983). Tissue engineering provides a 
promising alternative to autograft and allograft by 
combining bone marrow stem cells with a suitable 
biomaterial scaffold, thus creating a bone graft equivalent 
to autograft. Several authors have evaluated and confirmed 
the feasibility of this approach in ectopic (Anselme et al., 
1999; Kruyt et al., 2003) and orthotopic (Bruder et al., 
1998; Petite et al., 2000) implantation sites in a range of 
animal models. Different calcium phosphate materials, 
including biphasic calcium phosphate (BCP) and 
tricalcium phosphate (TCP) have been evaluated in 
ectopic sites (Yuan et al., 1998). These studies indicated 
that a specific group of calcium phosphates which have 
bone inducing capacities in goats and dogs (Yuan et al., 
2001; 2002), could be good bone tissue engineering 
scaffolds.
Currently, in vivo bone formation is commonly 
analysed using histomorphometric techniques on multiple 
histological sections (Martin et al., 2002; Kruyt et al., 
2004a&b; Vogelin et al., 2005). The data collected is 
extrapolated to obtain a value for bone content in the 3D 
structure. However, this does not provide a reliable 
measurement of bone volume. Moreover, histo- 
morphometry is both destructive and labour intensive, 
making it impractical for online monitoring of bone repair 
in vivo. Micro-computed tomography (|J.CT) may be a 
suitable alternative for non-destructive quantification of 
bone formation (Hildebrand et al., 1999; Cartmell et al., 
2004; Hedberg et al., 2005). The technique involves
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focussing an x-ray to irradiate a specimen on a rotating 
stage. Data collected by detectors is used to generate cross­
sectional images. Differences in x-ray attenuation are used 
to differentiate bone from its surroundings. The potential 
of both histomorphometry and |J.CT have been compared 
in numerous studies (Schmidt et al., 2003). For example, 
measuring bone mineral density in bone biopsies (Won et 
al., 2003); the effects of mechanical loading applied on 
rabbit’s cancellous bone on the formation and realignment 
of trabecular bone (Van der Meulen et al., 2006); bone 
formation in response to calciotropic hormone 
administration (Muller et al., 1998; 1996; Schneider et al.,
2003); and studying the microstructure of calcium 
phosphate granules used for tissue engineering (Le 
Nihouannen et al., 2006).
In the current study, we compared the bone forming 
potential of stem cell-seeded calcium phosphate scaffolds 
with the gold standard autograft, allograft or stem cell- 
seeded allograft in ectopic implantation sites of adult Dutch 
milk goats. In addition, the usefulness of |J.CT for efficient 
and non-destructive analysis of mineralised bone and 
calcium phosphate scaffold was evaluated and compared 
to conventional histomorphometry.
Materials and Methods
Scaffolds
Macroporous biphasic calcium phosphate (BCP) and 
tricalcium phosphate (TCP) scaffolds were prepared as 
previously described (Yuan et al., 2001) and made into 1­
3mm diameter particles. The two ceramics had similar 
porosities (70±5% in volume) and the pore size ranged 
between 1^m and 1000|j.m. BCP contained 80±5wt% 
hydroxyapatite and 20±5wt% P-tricalcium phosphate, 
while TCP was mainly comprised of P-tricalcium 
phosphate and a trace of hydroxyapatite. Autograft was 
obtained from the iliac wing of Dutch milk goats, and 
minced to 1-3 mm chips during surgery. Allograft chips 
were prepared from the femoral cortex of goats sacrificed 
in other studies as follows: After aseptic removal of all 
soft tissues (including periosteum and cartilage), the bone 
marrow contents were flushed out. The samples were then 
either stored at -80oC in a sterile bag for later processing 
or used immediately to prepare bone chips. The femoral 
cortex was cut into small pieces followed by a grinding 
step to produce 1-3 mm chips. These chips were frozen 
twice in liquid nitrogen for 5 minutes, defatted and cleaned 
for 20 minutes in an equal volume of chloroform/methanol 
mixture, and vacuum-dried over a 48-hour period. Finally, 
the allograft chips were sterilised using a low dosage 
Gamma irradiation (10-15kGy).
Bone Marrow Harvest and Culture
Ten female Dutch milk goats were anesthetised using 
Domosedan (1ml/20kg), Nesdonal (400 mg/70kg). One 
or both of their iliac wings were shaved and disinfected 
with iodine. A small skin incision was made perpendicular 
to the longitudinal axis of the Iliac Crest and 20±5 ml bone 
marrow was aspirated, collected in a heparinised tube and
transported to the tissue culture facility at room 
temperature. The nucleated cells were counted and the cells 
were plated at a concentration of 5x105 cells/cm2 in T75 
tissue culture flasks. The cells were grown in a-MEM 
supplemented with 15% FBS, 0.1mM L-ascorbic acid 2- 
phosphate, 1ng/mL b-Fibroblast Growth Factor (bFGF), 
2 mM L-Glutamine and antibiotics (penicillin/ 
streptomycin). Medium was refreshed twice a week. After 
8-10 days P0 cells were harvested with 0.25% trypsin in 
EDTA and re-plated at a cell density of 2,500 cells/cm2. 
At near confluence, P1 cells were cryopreserved at 10 
million cells per vial.
Per-operative Cell Seeding of Scaffolds
Cryopreserved (P1) cells were re-plated at a cell density 
of 2,500 cells/cm2 in alpha MEM as described above, with 
the addition of 10 nM dexamethasone to stimulate 
osteogenic differentiation. At near confluency, P2 cells 
were harvested with 0.25% trypsin in EDTA and re­
suspended at a density of 20x106 cells/ml alpha-MEM plus 
1% Penicillin/Streptomycin and transported to the animal 
facility. Autologous plasma was prepared by centrifuging 
peripheral blood at 3,000g for 4 minutes at 4°C. To prepare 
the tissue engineered implants, 1ml of each material 
(allograft, BCP and TCP) was firstly mixed with 0.5ml 
autologous stem cell suspension and then 0.5 ml plasma. 
This resulted in the formation of a clot comprising the 
scaffolds and the expanded autologous stem cells.
Implantation and Explantation
A total of 10 goats were used and in each goat, autograft, 
allograft, allograft with cells, BCP with cells (TE-BCP) 
and TCP with cells (TE-TCP) were implanted. The back 
skin of each goat was shaved, disinfected with 1% iodine 
(in 70% ethanol) and a longitudinal incision was made. 
After the muscles were exposed, a muscle pouch was 
prepared for each implant by blunt separation and the 
implants inserted. The defects were closed with vicryl 
sutures. The goats were sacrificed after 12 weeks by an 
intravenous administration of Euthesaat and the implants 
were harvested with the surrounding tissues, fixed in 4% 
paraformaldehyde and 5% glutaraldehyde at 4oC for a 
week.
Histomorphometry
The fixed explants were rinsed for 24 hours in PBS, 
dehydrated and embedded in Methyl Methacrylate 
(MMA). Approximately 10 ^m thick sections were made 
using a Leica (Leica Microsystems, Wetzlar, Germany) 
saw and stained with methylene blue and basic fuchsin. 
Histomorphometric analysis of the sections was performed 
as previously described (Kruyt et al., 2004a&b). Briefly, 
high-resolution, low-magnification (X4) micrographs were 
made from the histology sections (Figure 1a). On each 
histological section, a region of interest was determined 
outlining the scaffold and bone area, using Photoshop 
Elements 2.0 (Figure 1b). Image analysis was performed 
by pseudo-colouring the bone and scaffold in the 
micrographs red and green, respectively. For each 
implanted material i.e., autograft, allograft, cell seeded
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Figure 1: Histomorphometry of explants retrieved after 12 weeks. (a) Micrograph made from the 10^m-thick 
histological sections (b) Pseudo-coloured image, depicting bone and scaffold (red and green, respectively) within 
the region of interest, defined by the thick black line around the sections
0 x-ray attenuation value 1000
Figure 2: a) 2D micrograph of an explant scanned using ^CT (b) thresholded for scaffold and bone (c) and scaffold 
only. The difference between B and C is deduced to be bone. d) Schematic representation of the determination of the 
x-ray attenuation coefficient (Lin. Att.) and its corresponding grey pixel values for bone and scaffold. Subsequent 
values lower than that of bone is considered background noise and those above the bone boundary are calculated as 
calcium phosphate scaffold
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allograft, cell seeded BCP (TE-BCP), and cell seeded TCP 
(TE-TCP), the bone and scaffold content was calculated 
as a percentage of the region of interest. A separate group 
of BCP and TCP granules were embedded in MMA. The 
density of these granules was compared with that of the 
implanted specimens in order to asses the resorption of 
the implanted BCP and TCP.
Micro Computed Tomography (^CT)
A |j.CT system (^CT 40, Scanco Medical, Bassersdorf, 
Switzerland) was used as an alternative to 
histomorphometry, to image and quantify the amount and 
distribution of bone and scaffold in the explants. The 
imaging and measurements were conducted as previously 
described by Lin et al. (2003). The optimized settings of 
15^m voxel resolution and 120ms integration time were 
used to scan the MMA-embedded explants. These samples 
were constructed into isotropic 2D sections (Figure 2a). 
The respective linear attenuation coefficients were 
determined and used to distinguish bone, scaffold and 
background noise. The threshold values were used to 
estimate the proportion of grey pixels within the regions 
of interest corresponding to bone + scaffold (Figure 2b), 
and to scaffold alone (Figure 2c) in representative 2D 
slices. The difference between the two values was deduced 
to be bone. Furthermore, grey pixels lower than the lower 
threshold limit of bone and scaffold were associated with 
background noise. The 2D slices were compiled and 
rendered into 3D images using the threshold values 
deduced for the bone and scaffold.
Results 
Histology and Histomorphometry
Histological observation of the autograft (Figure 3a, b), 
allograft, cell seeded allograft (TE-Allograft) (Figure 3c, 
d) explants revealed considerable amounts of implant 
resorption. Due to the severity of their resorption, allograft, 
TE-allograft and autograft samples could only be retrieved 
from 5 of the 10 goats used. In most histological sections, 
allografts and TE-allografts (Figure 3c-d) were not readily 
detectable. Seemingly, the rate of implant resorption was 
higher than neo-bone formation. In contrast, the TE-BCP 
and TE-TCP samples showed abundant signs of bone 
formation, with layers of secretory osteoblasts, osteoid and 
mineralised bone matrix with embedded osteocytes (Figure 
3e-h) TCP showed distinct signs of degradation by the 
presence of small fragments. No obvious signs of 
degradation were seen of the BCP implants.
The results of histomorphometric analysis are 
illustrated in Figures 4 and 5. After the 12-week 
implantation period, similar amounts of bone formation 
were observed for allograft (0.8±0.9%), TE-allograft 
(1.6±1.4%), and autograft (1.7±1.7%) explants (Figure 4). 
Histomorphometry showed that considerably more bone 
was formed in the TE-BCP (4.4±1.3%) and TE-TCP 
(7.2±1.9%, Figure 5) implants as compared to the natural 
bone grafts (autograft and allograft: 1.7% and 0.8%, 
respectively). Figure 5 demonstrates that the resorption of
Figure 3: Representative micrographs of: a), autologous 
implant, showing some bone and intermittent residues 
of the resorbed implant and (b) bone forming cells. 
Images c and d, which demonstrate absolute resorption 
of original implants, with little bone formation, were 
obtained from allografts and TE-allografts, respectively. 
Micrographs e and f  were typical of the TE-BCP 
implants. The extent of bone formation is made clear in 
image e, while the presence of bone forming cells may 
be observed in f. Similarly, micrographs g and h, 
obtained from the TE-TCP explants illustrate bone 
formation and scaffold degradation (g). In fact, 
resorption residues of TCP are observable in h. 
Additionally, bone forming cells may be seen on the 
surfaces of the neo-bone tissues.
TCP implants over the 12 weeks averaged 38.9%, whereas 
little degradation of BCP implants was observed (5.1%).
Micro Computed Tomography (p,CT) Analyses 
Both the scaffold and the bone contents of the samples 
were readily imaged using |j.CT. For both the TE-BCP and 
TE-TCP, typical 3D images of bone and scaffold resulting 
from the selected threshold values are shown in Figure 6. 
It was observed that both scaffold and bone were 
ubiquitous throughout the explants. However, the scaffolds 
appear denser than bone, in both explants. The difference 
in their appearances is due to the higher x-ray attenuation 
properties of the calcium phosphate scaffolds. Although a 
clear difference was observable between the scaffolds and
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Figure 4: Histomorphometric analyses of scaffold and bone contents within allograft, TE-allograft and autograft 
explants that were retrieved following implantation. The error bars represent standard deviation of a sample size, n 
of 4 to S.
Figure 5: Histomorphometric analyses of the TE-BCP and TE-TCP explants. These show; the average scaffold 
content of the retrieved explants (red), pre-implantation values (brown), bone formation is per the available area, 
bone formation per the total explant and as a function of the degrading scaffold (yellow, green and blue, respectively). 
The error bars represent the standard deviation of sample sizes n, indicated on the bars. * p<0.05 **** p<0.001 and 
NS = not significant
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Figure 6: 3D |j.CT images of the tissue engineered BCP a) and b) TCP explants. The images have been sectioned to 
help illustrate the distribution of the neo-bone (red) within the scaffold (grey).
bone, such difference was not observable between BCP 
and TCP from ^CT images.
Micro-CT analyses conducted for the tissue engineered 
BCP and BCP samples were compared with 
histomorphometric analyses of the same samples. Both the 
scaffold and bone contents were measured in proportion 
to the volume of the explants and to representative slices 
of the scanned sample. The latter provided 2D analyses 
that can be directly compared with the calculations made 
using histomorphometry. The results were pooled and 
presented for TE-BCP and TE-TCP (Figure 7a and b, 
correspondingly). It may be observed that both the 
histomorphometric and |J.CT analyses indicate the 
relatively high scaffold contents compared to bone. Figure 
7, which compares the two methods of measurement, 
clearly shows the differences between the 
histomorphometry and the 2D |j. CT analyses of 
representative surfaces, particularly in measuring bone 
contents. For either the TE-BCP or TE-TCP, there were as 
much as 100% differences of the bone volume, measured 
using the |J.CT instrument measurements in comparison to 
the histology image analysis. Interestingly, with the 
exception of the original scaffolds, which had not been 
implanted, scaffold volume was also significantly higher 
by the |J.CT, though to a lesser extent. These inconsistencies 
are notable in both, 2D measurements (of representative 
surfaces) and the 3D measurements of the entire explants. 
Typically, there were good agreements between the |J.CT 
analyses made from chosen representative surfaces and
the volumetric (3D) analyses. The only disagreement 
between the two methods occurred in the calculation of 
bone, when the extent of scaffold resorption is taken into 
account. Indeed this disagreement occurred with both the 
tissue engineered BCP and TCP explants.
Discussion
The current study aimed to compare bone formation in 
cell-seeded calcium phosphate scaffolds, the gold standard 
autograft, allograft or cell-seeded allograft in ectopic 
implantation sites in the goat. In addition, the potential of 
|J.CT, which offers an efficient and non-destructive analysis 
of mineralised bone and calcium phosphate scaffold was 
evaluated and compared to conventional 
histomorphometry. Dutch milk goats were chosen as 
previous studies have demonstrated their suitability to 
assess tissue engineered constructs in an ectopic 
environment (Yuan et al., 2001; 2002; Kruyt et al., 
2004a&b). The significance of cells for bone formation in 
calcium phosphate implants has been demonstrated 
previously (Kruyt et al., 2003; Van Gaalen et al., 2004), 
whereby significant differences in the bone forming 
capacities of ectopically implanted porous hydroxyapatite 
granules with and without osteoprogenitor cells indicated 
the crucial role of the cells in bone formation. However, 
in the present study, the difference in bone formation 
associated with allograft chips with and without the cells
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Figure 7 : Direct comparisons of the two parameters (bone and scaffold content) as measured using histomorphometry 
and |jCT for a) TE-BCP and b) TE-TCP
was not clearly demonstrated, perhaps due to the high 
resorption rate of the implants. For this reason also, bone 
formation recorded for allograft and autograft explants 
were not significant. Indeed, literatures exist which suggest 
little difference between allografts and autografts implants 
(Buttermann et al., 1997), although the general consensus 
is that autografts have superior bone forming capacity (An 
et al., 1995).
The potential of BCP and TCP scaffolds to induce bone 
formation in ectopic sites has been previously 
demonstrated by Yuan and co-workers (Yuan et al., 2001, 
2002). They showed that BCP or TCP induced bone 
formation (osteoinduction) in ectopic sites varied with 
animal species (Yuan et al., 2006). Furthermore, they 
observed an average of 30% bone formation in BCP in 
dogs after 12 weeks ((Yuan et al., 2006), while less than 
1% bone in goats (Yuan et al., 2002)). The rate of bone
synthesis over the implantation period observed by Yuan 
in BCP alone in goats averaged at 0.08% per week, 
whereas, the rate observed in the present study was 0.67% 
per week. This indicates the relevance of cells for bone 
formation in ectopic sites.
The extent of resorption that had occurred with the 
autograft and allograft implants over the 12 week 
implantation period was significant. Only half of the 
implants could be retrieved while histological signs of bone 
formation were only observed for some of the autograft 
implants. This high resorption rate may explain the low 
levels of bone formation observed in autograft and allograft 
explants. Conceivably, the implants may have degraded 
faster than the rate of bone formation, reducing the 
available scaffold surface on which bone may form. 
Clinically, these are important findings as they indicate 
that natural bone grafts may not always be the material of
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choice in ectopic implantation sites such as postero-lateral 
spine fusion. The observed high resorption rate of autograft 
and allograft may explain the large failure rate for bony 
fusion at this implantation site (Boden, 1998; Vccaro et 
al., 2002). The observed bone formation with the tissue 
engineered-TCP and BCP scaffolds and their respective 
slight and negligible degradation profiles make these 
materials promising alternatives for the natural bone grafts. 
The mild dissolution of TE-TCP may be coupled with its 
superior bone formation, as observed in the present study 
compared to TE-BCP. Based on similar findings, it has 
been suggested that resorption of calcium phosphates 
provide a calcium/phosphate environment conducive for 
bone formation (Yuan et al., 1998).
For both TE-BCP and TE-TCP, scaffold resorption was 
evaluated by comparing the scaffold content (as a 
percentage of the total volume of the retrieved implants), 
with that of non-implanted BCP and TCP scaffolds, fixed 
in MMA and sectioned similarly to the explants. This 
approach is limiting, due to the fact that the method of 
intra-muscular implantation is such that the granules are 
forced into the implantation site, and the volumes of space 
taken up by the implants are unknown. Therefore, the 
volume of the retrieved explants, as a percentage of the 
original implant volume cannot be determined. It is 
conceivable that the explants may have a different pore 
geometry post implantation, due to the development of 
connective tissues over the 12 weeks, and consequently, 
the scaffold and bone contents as a percentage of the 
explant volume may not equate to that of the original 
implant.
The relative proportions of calcium phosphate scaffold 
and bone present in the explants, as measured using both 
histomorphometry and ^CT correlated significantly. The 
general agreement between the 2D and 3D ^CT analyses 
suggests that the slices used in the 2D calculations were 
fair representations of the entire explants. However, such 
conclusions could not be drawn for the histomorphometry 
analyses, as only one surface was analysed per explant. 
The destructive nature of histomorphometry made 
examination of multiple sections of the same explants 
unfeasible. It is noteworthy, that good agreements were 
obtained using histomorphometry between samples 
implanted in the 10 different goats. Therefore, though intra­
explant agreement could not be ascertained, i.e., it is not 
possible to assess whether the histology slides made from 
a plane representative of the entire explants, good inter­
explants agreement, i.e. between different goats may be 
assumed.
Both the 2D and 3D measurements, made using ^CT 
showed an overestimation of both the bone and scaffold 
contents. This overestimation may have originated from 
the process of obtaining threshold values during their 
calculation. The pore/bone/scaffold interphase, as imaged 
by the ^CT apparatus is less well defined than the 
histological sections. The overestimation occurring at both 
the 2D and 3D measurements support the theory of its 
origin being at the thresholding phase of the data analysis 
(Figure 2).
The x-ray attenuation of the micropores were 
indistinguishable from that of the background noise, and
thus, all values lower than the lower boundary of bone 
were treated as background noise and were therefore 
neglected. In contrast, bone and scaffold materials were 
readily identified using histological stains (Figure 3), as 
both were represented by distinct colours and their 
boundaries were better defined than the grey pixels 
obtained using the ^CT apparatus (Figure 2). Moreover, 
histomorphometry was useful for visualising substances 
such as fat globules, cells and pores (not included in 
figures), which are otherwise transparent to x-ray. For this 
reason, it may be expected that the proportion of grey pixels 
associated with background noise in the ^CT may not be 
a true representation of the actual pore volume. However, 
the relatively high bone and scaffold content calculated 
by ^CT is likely to result from an underestimation of the 
background grey pixels of the x-ray-transparent materials. 
Indeed, histomorphometric analyses showed that pore 
volume, post implantation for TE-BCP and TE-TCP were 
approximately 58% and 63%, respectively. However, 
similar calculation, using ^CT were 52% and 56%, 
respectively (data not shown). It is noteworthy that though 
histological method is more commonly used in these 
studies, the quality of the staining may vary with human 
error, which in turn may influence the pseudo-colouring 
of the scanned image and ultimately, the calculated values. 
Such errors may be minimised when using |jCT during 
optimisation, and thus the true value of bone and scaffold 
contents in the current study may be in between the two 
analysis techniques. Additionally, the destructive nature 
of the histological procedure makes it very difficult to 
measure the true bone and scaffold content of the retrieved 
explant. Though not exploited in the current study, the use 
of |J.CT makes this analysis possible, which is crucial in 
measuring the true resorption of the implant. Furthermore, 
the adaptation and optimisation of such technique for in 
vivo analyses may enable bone formation and resorption 
rate of implants to be monitored.
Conclusions
From this study, it can be concluded that ectopic bone 
formation by autologous, bone marrow derived stem cell- 
seeded calcium phosphate scaffolds is superior to that of 
autograft or (cell seeded) allograft. Moreover, the mild 
resorption of TCP in vivo provides an environment that is 
conducive to bone formation and results in significantly 
(p<0.001) more bone formation as compared to autograft, 
(cell seeded) allograft and cell seeded BCP. Finally, we 
confirm that micro computed tomography enables an 
efficient, non-destructive, 3D evaluation of bone and 
calcium phosphate scaffolds.
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Discussion with Reviewers
D. Zou: The |J.CT segmentation may have suffered from 
“skin” effect, where a layer of bone was incorrectly 
identified around all the surface of the granules due to the 
fact that the transition of greyscale from granules to 
background is not a perfect step function and bone has an 
intermediate value between granules and background. 
These misclassified pixels at the boundaries may account 
for the higher bone content in comparison to histology. 
Authors: The transitions between each of the phases 
analysed, i.e. scaffold-bone-noise were indeed not perfect 
steps. In fact, each transition was characterised by a 
gradient of pixel intensity from one phase to the next. 
However, in each case, the range of pixel intensities was 
identified through an iterative process. Once the ranges 
were identified for all interphases, the median values were 
used for subsequent calculations. Although the issue of 
“skin effect” is certainly possible in these types of 
calculations, and if occurred, would certainly result in 
misclassified pixels, the use of the median values for 
calculations means that, statistically, over-estimation and 
underestimation of the bone and scaffolds are equally 
likely. It is worth noting that the differences between the 
real values and the skin-affected values may be influenced 
by how wide the “skin” range is. This will ultimately 
depend on the quality of the scans.
M. Bohner: Why would bone and allograft degrade so 
fast when these materials are known to degrade very slowly 
or not at all in orthotopic sites? The fast degradation of 
allograft and autograft either suggests either particle 
migration, a mechanical effect or an inflammatory reaction. 
Did you see inflammation signs?
Authors: The observed autograft and allograft resorption 
in ectopic sites is in agreement with a study of Kruyt et al. 
(2004c) who also showed extensive (ectopic) resorption 
of grafts made from corticocancellous bone. The lack of 
mechanical stress could have resulted in graft resorption 
(Wolff’s law). Also in orthotopic sites (postero-lateral spine 
fusion in the goat), we have observed significant resorption 
of corticocancellous autograft after 12 weeks of 
implantation. Hence, we cannot confirm that the statement 
that these grafts are “known to degrade very slowly or not 
at all in orthotopic sites” is accurate. This may, however, 
be the case for cortical grafts, which are sometimes used
as structural bone grafts. Evidence o f a severe 
inflammatory reaction or of (graft) particle migration was 
not observed in any of the implants.
M. Bohner: The use of autograft in ectopic sites is (I 
believe) well documented. Did the other studies on the 
topic also find a large degree of resorption?
Authors: Yes, as indicated above, we have previously also 
observed significant autograft resorption in the same 
experimental model (Kruyt et al., 2004c).
I. Martin: What is the relevance of ectopic models in bone 
formation/repair?
Authors: Ectopic models provide an implantation site that 
will allow the determination whether or not materials or 
tissue engineered constructs are osteoinductive. In cell- 
based tissue engineering, this model is therefore often used 
to determine whether the cells are osteogenic allow bone 
formation. There is however also a clinical relevance of 
an ectopic model for bone repair. In spine fusion, for 
example, the aim is to make a bony bridge between two 
vertebral bodies or spinous processes. An important area 
where this “fusion” has to take place is devoid of bone 
(i.e. surrounded by muscle), so that this can be seen as an 
ectopic implantation site.
I. Martin: Is the |J.CT reliably allowing a clear distinction 
between bone tissue and scaffold material? Is that a ‘tricky’ 
method or would you recommend it as a general tool in 
the field?
Authors: Reliable determination of bone formation using 
|j.CT depends on the type of implant used (e.g. polymer, 
metal or ceramic) and the “easiness” of distinguishing bone 
from scaffold material. Also, the quality and resolution of 
the scan plays an important role in determining its 
usefulness. It can therefore not be said whether |j.CT should 
be used as a general tool in the field as this depends on 
many variables.
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